For wse at higher pressures, the
vessel becomes a heovy-walled metal-
He coutainer and the measurement of
the mass of a gaseons tost Hold and
the pressure ae  comnplicated.
wtmber  of  investigators,  some
Hyted by CGorangs (13), have o

s upproach in whicl the test fiuid is
chavged te the high pressure vessel
E'\.Hf.{ s pressure and  temperalure
detenmined, Figure 1, The mass of the
sumple Js determined afterward by ex-
;mn-lin;; it to :mn(ssphcric pressure or
below in a lorge vessel at known
temperatore. Thns, the mass must be
calenjzied Hrom a second set of VT
mexseremants at conditions for which
the density of the wateriol s dnewn
with saificient acenracy,

Several points should be mentioned
regarding this method. Ove approach
iy to evavaate the svstem, olose V3,
Figatre 1. inject the saaple, clese VI,
messuce the pressure andd thermostat
tempevature, and then close V2. The
sample i then expanded from the
waeasnred vohime of the sample vessel
to low pressure i the vessel phus the
measured volume of the expansion
vessels and the munifold systen, It is
clear that, for high accuracy, signifi-
cant difficolty s encountered in deter-
mining the volume of the manifold-
ingr and knowing its temperature with
sufficient aceuracy, Futher, ideal gag
behavior canuot be assumed for the
sample at atmospherie pressare (14),
as was dune by many earlier investi-
gators, for compiting the samp]c DRSS,
The acouracies obtaimable with care-
il work are reprasented by those of
Bennett and Dodge (I5), whose es-
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This  wurit advaniages
that the muss ol te seple s de-
rermined buih s it is charged o
ihe tigh oo wessel and veleased
frony dt vt g f charging
vields sevonl caa poinds In essenee,
the Il v e ad manifold svaten
wre evaciaded, the vosse! innersed in
Hauid nitcagen. the sample measwrad
ab low pressvs and passed o the
vessel wod  condensed.  Alernately
for noncondensables, a high pressure
buret is used 2 mcasare the somiple
into the vessel, To condnet 2 1un, the
vessel is wanned the coctents stirved,
the vessel place-d in the thermostat
bath, the temperatire stabilized and
the pressure measured, Then, stabili-
zations we made ai otho) temparatnres
and the pressures measmvad, Shice the
high pressuee capithiey system to the
pressure gnige sepicstor s also Blied
with samaple. @ sy balance mast be
made to calealide the density of the
matevial fu the - essel foe each teraper-
ature, Then o fewetion of the sample is
bled iwdey oo v pressure buret sys-
tom and e soed and s made for
the sime ienneoarey as beloare, As a

check ow il o series. the maoss
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tnstitute of Gas  Techoology's PV-T
apparatus diagrammed in Figure 13.

charged must equal the sum of the
wiasses bled ont of the vessel. Careful
wark with this relatively unsophisti-
cated system yickds densities with
errees of Jess then 1:1,000. Michels,
et al. {IT) quate results accwrate to
1:10,000 {or a very refined apparatus.
A further vaviation of the basie
method which has been widely nsed
mdnsteially for  temperatures near
ambiont is that evolved by Bean (18,
19), Figues 3, The high pressure ves-
sel A and the expansion volume B are
imacrsed i the same thermostat bath,
‘The expunsion volume s relatively
small so that oamercus  expansions
(henee data peints) arve obtained to
recuce the vessel pressure to near
atmospherie, The indwstrial unit has
been shown to veild densities with
ervors of less then 1: LOGO (19).
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Figure 13, Schematic diagram of low pressure variails

volume apparatus (14).

Figura 14, Differential P-V-T apparatus for obtaining second

virial coafficients (35).
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